Background-We aimed to investigate coronary angiographic findings in unselected out-of-hospital cardiac arrest patients referred to immediate coronary angiography (ICA) irrespective of their first postresuscitation ECG and to determine whether this ECG is useful to select patients with no need of ICA. Methods and Results-All resuscitated patients admitted after out-of-hospital cardiac arrest without a clear noncardiac cause underwent ICA. Patients were retrospectively grouped according to the postresuscitation ECG blinded for ICA results: (1) ST elevation or presumably new left bundle branch block, (2) other ECG signs indicating myocardial ischemia, and (3) no ECG signs indicating myocardial ischemia. All coronary angiograms were reevaluated blinded for postresuscitation ECGs. Two hundred and ten patients were included with mean age 62±12 years. Six-months survival with good neurological outcome was 54%. Reduced Thrombolysis in Myocardial Infarction flow (0-2) was found in 55%, 34%, and 18% and a ≥90% coronary stenosis was present in 25%, 27%, and 19% of patients in group 1, 2, and 3, respectively. An acute coronary occlusion was found in 11% of patients in group 3. ST elevation/left bundle branch block identified patients with reduced Thrombolysis in Myocardial Infarction (0-2) flow with 70% sensitivity and 62% specificity. Among patients with initial nonshockable rhythms (24%), 32% had significantly reduced Thrombolysis in Myocardial Infarction flow. Conclusions-Initial ECG findings are not reliable in detecting patients with an indication for ICA after experiencing a cardiac arrest. Even in the absence of ECG changes indicating myocardial ischemia, an acute culprit lesion may be present and patients may benefit from emergent revascularization. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT01239420.
R ecent improvements in the chain of survival after out-ofhospital cardiac arrest (OHCA) have improved survival worldwide. [1] [2] [3] [4] Still, the majority of patients die either without return of spontaneous circulation (ROSC) or because of the severity of the post cardiac arrest syndrome. 1, 3, 4 Coronary artery disease and especially acute coronary occlusion represents the most common cause of sudden cardiac arrest. 5 Current resuscitation guidelines emphasize immediate coronary angiography (ICA) and percutaneous coronary intervention (PCI) to be considered after ROSC in patients with ST elevation or presumably new left bundle branch block (LBBB) on ECG. 2, 6, 7 ICA should also be considered in the presence of life-threatening ventricular arrhythmias or hemodynamic instability. 8 Additionally, the European Resuscitation Council guidelines state that because chest pain and ST elevation may be poor predictors of an acute coronary occlusion in OHCA patients, it is reasonable to refer selected patients suspected of having acute myocardial ischemia for ICA. 2
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Nonspecific ECG changes are often seen in newly resuscitated OHCA patients, and it is unclear whether post-ROSC ECG correctly identifies myocardial ischemia and to what extent ICA should be performed in the absence of ST elevation, LBBB, or life-threatening ventricular arrhythmias. Clinical data have been conflicting and consist mainly of retrospective studies, registry data, and observational studies on patients already selected for coronary angiography based Post-Resuscitation ECG and ICA Findings on ECG findings. [9] [10] [11] The net benefit of referring all OHCA patients to ICA is therefore uncertain and under debate. 12 Important aspects are delays in optimal bundle care treatment, logistic challenges during inter-and intrahospital referral to institutions with 24/7 coronary angiography service, total outcome benefit, finances, and resources. Prospective studies on unselected OHCA patients are therefore needed to determine whether ICA should be performed after ROSC, regardless of ECG findings.
The aims of the present study were to investigate coronary angiographic findings in an unselected cohort of OHCA patients without a clear noncardiac cause referred to ICA irrespective of post-ROSC ECG and to determine whether ECG can be used to select patients with no need of ICA.
Methods

Study Population
OHCA patients of all causes in greater Oslo and rural areas of South-Eastern Norway are admitted to Oslo University Hospital-Ulleval. This observational study had prospectively defined objective and design. Between October 1, 2010, and December 31, 2013, all comatose patients (Glasgow Coma Scale ≤8 on admission) with maintained ROSC after OHCA were included in the study. They were transferred directly to ICA irrespective of the ECG findings if there was no clear noncardiac cause for the OHCA (Figure) . Other exclusion criteria were age <18 years and pregnancy (Figure) . Patients were also excluded if they did not receive active in-hospital treatment after ROSC based on either a do-not-attempt-resuscitation order, end-stage malignancy preceding the arrest, or had minimal chances of meaningful survival (defined as not witnessed cardiac arrest with asystole, lengthy resuscitation, or advanced age).
The study complies with the Declaration of Helsinki and was part of an on-going prospective observational study (The Norwegian Cardio-Respiratory Arrest Study [NORCAST] NCT01239420) approved by the Regional Committee of Medical Ethics in South-East Norway. Written informed consent was obtained from close relatives or guardians within 24 hours after hospitalization and from all patients who regained consciousness and full decision-making capacity within 6 months. Clinical, biochemical, and outcome data were collected from clinical records and patient charts. Coronary angiography results, hemodynamic parameters, relevant ICU data, and neurological status based on cerebral performance category score 13 were prospectively recorded, using a cross platform relational database application-Filemaker Pro version 11 (FileMaker Inc., Santa Clara, CA). Manual quality and plausibility control of individual data set were performed to exclude artifacts.
Study Procedure
In the Oslo Emergency Medical Services, OHCA patients are treated by paramedics certified in Advanced Cardiac Life Support. In addition, a physician-staffed ambulance is routinely dispatched for OHCA when avalaible. 14 A 12-lead ECG is taken prehospitally in the ambulances after achievement of stable ROSC. At hospital admission, a team with an anaesthesiologist and cardiologist take over the responsibility of the patient in the Emergency Department. Patients with a clear noncardiac cause were excluded from the study (Figure) . Stable patients were transported directly to the catheterization laboratory, and unstable patients were shortly stabilized in the Emergency Department before they were transported to the catheterization laboratory. The overall goal is a short door-to-ballon time. After ICA, subsequent PCI, mainly through the femoral artery, was performed at the clinicians' discretion. The patients
WHAT IS KNOWN
• Nonspecific ECG changes are often seen in newly resuscitated out-of-hospital cardiac arrest patients, and it is controversial whether the ECG after return of spontaneous circulation correctly identifies myocardial ischemia and to what extent immediate coronary angiography should be performed in the absence of ST elevation.
WHAT THE STUDY ADDS
• This prospective study presents immediate coronary angiographic findings in 210 comatose out-of-hospital cardiac arrest patients without a clear noncardiac cause transferred directly to coronary angiography irrespective of ECG findings.
• Early ECGs after return of spontaneous circulation
is not a reliable method to identify patients in need of immediate coronary angiography and subsequent revascularization. Even in patients without any sign of ECG changes indicating myocardial ischemia, acute culprit lesions with an indication for emergent revascularization is indeed present, independent of initial arrest rhythm. In addition, 37% of the patients with ST elevation had normal Thrombolysis in Myocardial Infarction flow. received 300 mg aspirin before the procedure and either 600 mg clopidogrel or 60 mg prasugrel after the procedure if PCI was performed subsequently. Heparin was administered if a radial access was used (<5% of the patients) or if PCI was performed. Patients treated with prehospital thrombolysis (3%) received clopidogrel 300 mg. Adjunctive treatment was given according to European guidelines for management of STsegment-elevation myocardial infarction 7, 8 Clopidogrel was replaced by prasugrel during the first 48 hours in patients without contraindications if PCI was performed. After the procedures, patients were admitted to the ICU for standardized post-resuscitation care. 15, 16 
Evaluation of Outcomes
ECG Evaluation
The first 12-lead ECG obtained after establishing stable ROSC was separately, individually, and retrospectively evaluated by 2 experienced cardiologists blinded from all other patient information. The ECGs were evaluated with regard to heart rhythm, possible ischemic findings (see below), and whether indication for ICA was present based on the current European Society of Cardiology guidelines. 7, 8 If disagreement occurred, a third independent cardiologist participated in the final evaluation (in 20% of patients). According to the ECG findings, the patients were categorized into 3 groups.
Group 1
Patients with ECG findings in line with current guidelines recommendation for ICA defined as ischemic findings suspected of an ST-segment-elevation myocardial infarction: new ST elevation at the J-point in 2 contiguous leads with the cut-off points, 0.2 mV in men or 0.15 mV in women in leads V2-V3 or 0.1 mV in other leads or presumably new LBBB.
Group 2
Patients without ST elevation or LBBB but with ECG findings where it was reasonable to suspect myocardial ischemia with indication for ICA, based on the following:
Marked horizontal or down-sloping ST depression (>0.2 mV)
in >2 contiguous leads and T inversion ≥0.1 mV in 2 contiguous leads with prominent R wave or R/S ratio >1 17 2. Ventricular tachycardia (heart rate >100 with QRS duration >0.12 ms and atrioventricular dissociation) 18 3. Atypical, intraventricular conductance disturbance with QRS duration ≥0.15 ms
Group 3
Patients with no significant ECG changes indicating acute myocardial ischemia.
Coronary Angiography Evaluation
All coronary angiography recordings were reevaluated by a single experienced interventional cardiologist blinded from the first post-ROSC ECG. If disagreement with the primary evaluation occurred, a third independent cardiologist participated in the final evaluation of the ICA (in 18% of patients). Significant coronary artery disease was defined as lesions with ≥50% lumen reduction compared with reference segment and further classified into lesions with ≥50% or ≥90% stenoses. Coronary flow was assessed using the Thrombolysis in Myocardial Infarction (TIMI) classification. 19 A coronary occlusion was defined as TIMI grade 0 to 1 flow and considered acute or recent if there was angiographic evidence of thrombus at the site of occlusion or through the ability of opening the occluded artery by passing a guidewire easily through the lesion. 20, 21 Reduced coronary flow was defined as TIMI grade 0 to 2 flow. Patients with chronic occlusions were categorized according to TIMI flow (0-3) in the remaining coronary arteries. PCI was defined successful when TIMI grade 2 or 3 flow was obtained after reperfusion. Outcome data were assessed 6 months after hospital discharge, and the neurological outcome was defined as good with cerebral performance category scores of 1 and 2. Coronary angiographic findings related to initial cardiac arrest rhythms were also evaluated in detail.
Statistics
Statistical analyses were performed using SPSS 20 for Windows (SPSS, Inc, Chicago, IL). Continuous data are presented as mean±SD or median (quartiles) depending on the data distribution. Categorical data are presented as number of total (%). Continuous data were compared using Student's t test, one-way analysis of variance, Mann-Whitney U-test, or the Kruskal-Wallis Test according to the data distribution and the number of output categories. Levenes test for homogeneity of variances was used. If the assumption of homogeneity of variance was not met, the Welch test was used. Categorical data were compared using Chi-square with continuity correction. A 2-sided P value <0.05 was considered to be statistically significant. Because of the exploratory study design, there were no adjustments for multiple comparison when comparing the groups in Tables 1 and  2 . Comparisons of the ICA results in Table 2 were performed between group 1 versus group 2+3 only. A manual backward stepwise elimination procedure using a multivariate logistic regression model was performed to study the association between clinical variables present at admission, in addition to ECG classifiation and TIMI 0 to 1 flow on coronary angiography. Covariates were included in the model based on an association with TIMI flow 0 to 1 with a P value <0.25 in univariate analyses.
Results
Over the 3-year study period, 257 comatose OHCA patients with ROSC were admitted to Oslo University Hospital-Ulleval and screened for inclusion. Forty-seven (18%) patients were excluded (Figure) , leaving 210 patients for final study inclusion. Average door-to-balloon time was 44 minutes. Overall, 121 patients (58%) survived to 6 months, and 114 patients (54%) had good neurological outcome, with no differences between the 3 different ECG groups (Table 1) . There was a difference in initial cardiac arrest rhythms, with more patients in ventricular fibrillation in group 1 and more with nonshockable rhythms in group 3 ( Table 1) . Clinical and biochemical characteristics were similar in the 3 groups, but patients with ST elevation or presumably new LBBB (group 1) had higher peak troponin T values than the 2 other groups (P<0.001; Table 1 ). A total of 192 (91%) of the patients were treated with therapeutic hypothermia at 33°C after hospital admission ( Table 1) .
After blinded reevaluation of the first post-ROSC ECG, 107 (51%), 41 (20%), and 62 (30%) patients were classified into groups 1, 2, and 3, respectively ( Table 1 ). The respective coronary angiographic findings are summarized in Table 2 . Reduced TIMI flow was found in 84 (40%) of the patients, and 60 (29%) had an acute or recent occlusion. Only 55 (26%) of the patients had no significant coronary disease. More patients in group 1 had reduced TIMI flow and higher frequency of significant coronary stenosis (Table 2) , with 45 (42%) having an acute coronary occlusion (TIMI 0-1) and 91 (88%) with significant coronary lesions. Only 5 group 1 patients received prehospital thrombolysis (4 in the ST elevation subgroup and 1 in the LBBB subgroup). After excluding these, 57 (56%) patients in group 1 had reduced coronary flow (TIMI 0-2). Group 1 patients with presumed new LBBB had less frequently acutely occluded coronary arteries than patients with ST elevation (P<0.001; Table 2 ). ST elevation or LBBB identified patients with an acute coronary lesion with reduced TIMI (0-2) flow with 70% sensitivity and 62% specificity. Similarly, ST elevation alone identified patients with reduced TIMI (0-2) flow with less sensitivity (64%), but higher Post-Resuscitation ECG and ICA Findings specificity (75%). Nine patients in group 2 had ventricular tachycardia according to our definition. In group 3, an acute coronary lesion with reduced flow (TIMI 0-2) was found in 11 patients (18%). Acute PCI was performed in 56%, 41%, and 24% of the patients in groups 1, 2, and 3, respectively ( Table  2 ). Significant coronary stenoses and reduced coronary flow were found to a similar degree, regardless of initial cardiac arrest rhythm. Sixteen (32%) patients with pulseless electric activity or asystole had significantly reduced TIMI flow (Table  3) , with 12 (24%) having >90% stenosis (with clinical and biochemical characteristics presented in Table I in the Data Supplement).
Univariate analyses of possible associations between clinical variables available at hospital admission and TIMI 0 to 1 flow at coronary angiography are shown in Table 4 . The multivariate logistic regression analysis is shown in Table II in the Data Supplement. ECG changes classified into group 1 were associated with an ≈6-fold increase in the odds of finding a coronary artery with TIMI 0 to 1 flow (crude odds ratio 5.7 [2.4,13.7]; P<0.001). Univariate analysis of ECG group 2 and TIMI flow revealed a nonsignificant odds ratio of 1.9 (0.6, 5.7); P=0.3. After adjustment for clinical and biochemical covariates available at admission in a mulitvariate model ( Table II in the Data Supplement), ECG group 1 remained a strong, independent predictor of TIMI 0 to 1 flow with an adjusted odds ratio of 6.0 (2.5, 14.5); P<0.0001. There was a nonsignificant trend against an inverse association between age and TIMI 0 to 1 flow ( Table II in 
Discussion
The principal finding of this prospective clinical study in unselected OHCA patients admitted after ROSC is that early post-ROSC ECGs is not a reliable method to identify patients in need of immediate ICA and subsequent revascularization. Even in the absence of ST-segment-elevation, presumably new LBBB, or other signs suspect of ischemia on post-ROSC ECG, a culprit coronary lesion with an indication for emergent revascularization may indeed be present, independent of initial rhythm. Noteworthy, 37% of the patients with ST elevation had normal TIMI flow. 
Table 1. Clinical and Biochemical Characteristics of Patients With Out-of-Hospital Cardiac Arrest According to Classification Based on First Post-ROSC ECG
Post-Resuscitation ECG and ICA Findings
We found reduced TIMI flow (0-2) in 24% of the patients with no ST-segment-elevation or LBBB pattern on their post-ROSC ECG and in 18% of the patients without any ECG suspicion of ischemia. Moreover, a ≥90% stenosis was present in 19% of patients with no significant ECG changes, indicating potential myocardial ischemia. Although some have reported high positive and negative predictive values of ST elevation on post-ROSC ECG in selected patients, 20 our study on more unselected patients confirm findings from the Parisian Regional Out-of-Hospital Cardiac Arrest Trial (PROCAT) registry. They found at least one significant lesion in 58% of patients without ST elevation on the post-ROSC ECG. 11 Similarly, Radsel et al demonstrated acute culprit coronary lesions in 24% of patients without ST-segment-elevation. 21 This confirms the difficulty in selecting OHCA patients for ICA based on post-ROSC ECG with the risk of neglecting the existence of acute coronary lesions in patients without ST-segment-elevations. Interestingly, we found significant coronary disease and presumably acute coronary lesions in 32% of patients with initial nonshockable rhythms (pulseless electric activity, asystole) and in patients of all age groups, again demonstrating the difficulty to exclude selected patient groups from ICA.
Reduced coronary flow (TIMI 0-2) was present in only 5 (24%) patients presenting with a possible new-onset LBBB, probably reflecting the clinical impression that the majority of these patients have undetected, not new-onset LBBB. Interestingly, the proportion of patients with TIMI 0 to 2 flow was identical in patients with LBBB and patients without any ischemic ECG changes (group 3). Contrary to previous studies, although 88% of the patients in group 1 had significant coronary lesions, less than half of the patients with ST elevation on post-ROSC ECG had an acute coronary occlusion, demonstrating further the limited specificity of ECGs obtained early after ROSC. This finding was consistent even after excluding patients receiving prehospital thrombolysis.
The present study adds additional information to the use of ECG changes other than ST-segment-elevation in selecting cardiac arrest patients for ICA. Even if ST-segment depression and other ECG findings compatible with myocardial ischemia are included as indicators for ICA, patients with normal post-ROSC ECGs (with regard to ischemia) may still have a culprit lesion, which may benefit from emergent revascularization. Our study differs from previous ones based on the prospective design without selection, bringing all patients without a clear noncardiac cause to ICA, regardless of the ECG pattern. 
Table 2. Immediate Coronary Angiographic Findings in Resuscitated Out-of-Hospital Cardiac Arrest Patients Related to Evaluation of First Post-ROSC ECG
Post-Resuscitation ECG and ICA Findings
The retrospective blinded ECG assessment and coronary angiography reevaluation further strengthens the quality. Finally, our study outcome was not successful versus unsuccessful PCI as in previous studies, but the association between post-ROSC ECG patterns and ICA findings. Studies using PCI as study outcome may be hampered by a high degree of variation between PCI operators and PCI centers with regard to the indication for PCI when significant, but not flow-limiting coronary lesions are present. Thus, the present data support a recent consensus statement from the European Association for Percutaneous Cardiovascular Interventions recommending ICA in OHCA patients independently of the presence of ST elevation when an obvious noncardiac cause is absent. 22 They emphasize that ICA should be performed immediately in the presence of ST elevation and as soon as possible (<2 hours) in other patients if no noncardiac cause of arrest is found. ICA should be followed by immediate PCI directed toward the culprit lesion particularly in hemodynamically unstable patients. 22 The survival benefit of early invasive treatment in OHCA patients presenting ST elevation or presumably new LBBB on post-ROSC ECG is well documented in retrospective and prospective registries, [23] [24] [25] and this strategy is therefore recommended in the recent guidelines. 2 Controversy, however, still exist on whether all patients surviving OHCA should be referred for ICA and especially about the timing of coronary angiography in the absence of ST-segment-elevation. 9, 11, 12, 22 The net benefit of emergent revascularization after OHCA on cardiac function (ie, infarct size and left ventricular ejection fraction) after OHCA, and thereby quality of life, is difficult to explore because >50% of the patients die. Only a large randomized trial can answer the question if an all-referral-policy to ICA after OHCA carries significant survival and other outcome benefits. With the present survival of 58% (54% with good neurological outcomes), we clearly show that the potential for good outcome after OHCA is present.
Limitations
Several potential limitations must be addressed. Our study was a single-center, prospective, observational nonrandomized study, and we acknowledge that the total study population was relatively small. No information about coronary artery lesions in the 18% excluded patients was available and may limit the conclusions, but we would not expect patients with clear noncardiac causes to have acute coronary lesions. Further, the ECGs used for group allocation were recorded by the ambulance crew after ROSC and before coronary angiography, but the time from cardiac arrest to first post-ROSC ECG differed between patients. This reflects real-world clinical practice, and a more accurate timing could not be obtained. We recognize that a single post-ROSC ECG may not reflect myocardial ischemia because ischemia-induced ECG changes can be dynamic and change over time. ST elevation and depression may be absent on one ECG but appear over time on another. However, we emphasize that our goal is to allocate patients with reversible ischemia to a hospital with 24/7 PCI service and to reduce the door-to-ballon time whenever possible. Another limitation is the heterogeneity of ECG findings in group 2. Because of the relatively small number, subgroup analyses of different entities, such as ST depression, T-wave inversions, broad-complex tachycardia, and intraventricular conductance disturbances, could not be performed. Finally, in Left descending coronary artery 50 (31) 11 (22) Left circumflex coronary artery 17 (11) 2 (4) Left main coronary artery 1 (1) 1 (2) Categorical data is presented as number of total, N (%). PEA indicates pulseless electric activity; TIMI, Thrombolysis in Myocardial Infarction; VF, ventricular fibrillation; and VT, ventricular tachycardia. *P=0.001. Continuous data presented as mean±SD. Categorical data presented as number of total, N (%). CAD indicates coronary artery disease; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; TIMI, Thrombolysis in Myocardial Infarction; VF, ventricular fibrillation; and VT, ventricular tachycardia. Post-Resuscitation ECG and ICA Findings the majority of patients, no prearrest ECG was available, and we could therefore not categorize LBBB as new onset or not.
Conclusions
Initial ECG findings are not reliable in detecting patients with an indication for ICA after experiencing a cardiac arrest. Even in the absence of ECG changes indicating myocardial ischemia and independent of initial arrest rhythm, an acute culprit lesion may be present and patients may benefit from emergent revascularization.
